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state signal by repeating a process i which, when it 1s
detected that an added signal 1n which a predetermined offset
amount 1s added to the rotational state signal on a side
approaching a reference value becomes the reference value
from one direction at a first time, the offset amount 1s added to
the rotational state signal 1n a direction returning from the
reference value, when 1t 1s detected that the obtained added
signal becomes the reference value from the one direction at
a second time, no value 1s added to the signal, and, when 1t 1s
detected that the added signal becomes the reference value at
a first time from another direction which 1s a direction oppo-
site to the one direction and which reaches the reference
value, the offset amount 1s added to the rotational state signal
on a side approaching the reference value. A drive control
signal 1s generated 1n which the level 1s reduced compared to
the sine wave shape signal for a predetermined period of the
obtained added signal between the reference value at the
second time and a reference value at a next time.
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1
DRIVER CIRCUIT

CROSS-REFERENCE TO RELAT
APPLICATION(S)

T
.

The entire disclosure of Japanese Patent Application No.
2009-149052 filed on Jun. 23, 2009, including specification,
claims, drawings, and abstract, 1s incorporated herein by ret-
erence 1n 1ts entirety.

BACKGROUND

1. Technical Field
The present invention relates to a driver circuit which gen-
crates a drive control signal based on a rotational state signal

of a sine wave shape which indicates a rotational state of a
motor.

2. Related Art

There exist various motors, and a stepping motor 1s known
as a representative motor which can accurately determine a
position and 1s widely 1n use 1n various devices. For example,
the stepping motor 1s used in focusing 1n a camera, shaking,
correction, and positioming of a machine tool.

The drive of the stepping motor 1s normally achieved by
changing a rotational position of a rotor with current phases to
two stator coils.

There 1s a demand for minimizing power consumption in
an e¢lectrical device. In particular, this demand 1s high 1n a
portable device which 1s driven with a battery. In driving of
the stepping motor, the currents supplied to two coils differ in
phase by 90 degrees from each other, and when one coil
current 1s around O degrees or 180 degrees, a suilicient current
flows 1n the other coil, and the currents around O degrees and
180 degrees do not significantly contribute to motor driving.
Thus, a method of applying electricity 1s proposed in which
the currents around 0 degrees and 180 degrees of the motor
driving current are cut. For example, a method of applying
clectricity in which the application of electricity 1s cut for 30
degrees around 0 degrees and 180 degrees 1s known as 150-
degree electricity application.

In order to execute the 130-degree electricity application, a
circuit for generating a signal for such a configuration is
required. There 1s also a demand for simplifying this circuit.

SUMMARY

According to one aspect of the present invention, there 1s
provided a driver circuit which generates a drive control sig-
nal based on a rotational state signal of a sine wave shape
which indicates a rotational state of a motor, wherein an
added signal 1s obtained by adding an ofiset to the rotational
state signal by repeating a process i which, when it 1s
detected that an added signal 1n which a predetermined offset
amount 1s added to the rotational state signal on a side
approaching a reference value becomes the reference value
from one direction at a first time, the offset amount 1s added to
the rotational state signal in a direction returning from the
reference value, when 1t 1s detected that the obtained added
signal becomes the reference value from the one direction at
a second time, no value 1s added to the signal, and, when 1t 1s
detected that the added signal becomes the reference value at
a first time from another direction which 1s a direction oppo-
site Irom the one direction and which reaches the reference
value, the offset amount 1s added to the rotational state signal
on the side approaching the reference value, and a drive
control signal 1s generated having an electricity application
period from a time when the obtained added signal becomes
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the reference value at the second time until a time when the
obtained added signal becomes the reference value at a next
time.

According to another aspect of the present invention, it 1s
also preferable that, in the driver circuit, a different drive
control signal 1s generated between a time when the added
signal 1s at a positive side and a time when the added signal 1s
at a negative side.

According to various aspects of the present invention, a
drive control signal 1n which the electricity application time 1s
reduced can be obtained with a relatively simple circuait.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the present invention will be
described 1n further detail based on the following drawings,
wherein:

FIG. 1 1s a block diagram showing an overall structure;

FIG. 2 1s a diagram showing an example structure of an
output circuit;

FIG. 3 1s a diagram showing an example of an added signal;

FIG. 4 1s a diagram showing an example structure of an
output control circuit; and

FIG. 5 1s a diagram showing signal waveforms of various
sections of an output control circuit.

DETAILED DESCRIPTION

A preferred embodiment of the present invention will now
be described with reference to drawings. FIG. 1 1s a diagram
showing an overall structure, and a system comprises a driver
100 and amotor 200. An input signal 1s input to the driver 100,
and the driver 100 supplies a drive current corresponding to
the input signal to the motor 200. With this structure, a rota-
tion of the motor 200 1s controlled according to the input
signal.

The driver 100 comprises a comparator 10, and a rotational
state signal corresponding to a rotor position from a Hall
clement 30 provided on the motor 200 1s supplied via an offset
control circuit 32 to one terminal of the comparator 10. More
specifically, the offset control circuit 32 adds a predetermined
olfset value to the rotational state signal, and obtains an added
signal 1n which the value 1s alternately shifted in the up and
down direction. The added signal 1s supplied to the one ter-
minal of the comparator 10. A zero voltage (reference value
voltage) 1s supplied to the other terminal of the comparator
10, and the comparator 10 detects that the added signal has
reached the zero (reference value).

An output of the comparator 10 1s supplied to an output
control circuit 12. The output control circuit 12 determines a
drive wavelorm (phase) of a predetermined Irequency
according to the output signal of the comparator 10, and the
drive control signals (OUT1, OUT2) are controlled to be
PWM-driven, to determine an amplitude of the drive current.
The generated drive control signal 1s supplied to an output
circuit 14.

The output circuit 14 comprises a plurality of transistors,
and controls a current from a power supply by switching the
plurality of transistors, to generate a motor drive current, and
supplies the motor drive current to the motor 200.

FIG. 2 shows a structure of a part of the output circuit 14
and one coil 22 (24) of the motor 200. As shown 1 FIG. 2, an
arm comprising a series connection of two transistors Q1 and
Q2 and an arm comprising a series connection of two tran-
sistors Q3 and Q4 are provided between the power supply and
ground, and the coil 22 (24) 1s connected between an nter-
mediate point between the transistors Q1 and Q2 and an
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intermediate point between the transistors Q3 and Q4. The
transistors (Q1 and Q4 are switched ON and the transistors Q2
and Q3 are switched OFF so that a current of one direction
flows 1n the coil 22 (24), and the transistors Q1 and Q4 are
switched OFF and the transistors Q2 and Q3 are switched ON
so that a current of an opposite direction flows 1n the coil 22
(24), to drive the coils 22 and 24.

By providing two circuits having such a structure, 1t 1s
possible to individually control the currents supplied to the
two coils 22 and 24.

The motor 200 1s a stepping motor, and comprises two coils
22 and 24, and a rotor 26. The two coils 22 and 24 are placed
such that the electric angles are shifted by a position of 90
degrees from each other. Therefore, the directions of mag-
netic fields with respect to the rotor 26 are also shifted by an
clectric angle of 90 degrees from each other with respect to
the center angle of the rotor. A number of permanent magnets
are provided 1n the rotor 26, the number corresponding to the
number ol poles, and, for example, an N pole and an S pole are
placed at opposing positions (positions differing by 180
degrees from each other). A stable position 1s determined
according to the magnetic fields from the two coils 22 and 24.

Theretfore, by supplying an AC current having phases diif-
tering by 90 degrees from each other to the two coils placed at
positions which are shifted by 90 degrees from each other
with respect to the rotational angle of the rotor, 1t 1s possible
to move and rotate the rotor 26 with the phases of the currents.
In addition, by stopping the change of the current phase at a
certain timing of the current phase, it 1s possible to stop the
rotor at a position corresponding to the current phase at that
point. In this manner, the rotation of the motor 200 1s con-
trolled.

The Hall element 30 1s provided on the motor 200, and a
rotational state signal 1s generated according to a magnetic
field from the permanent magnet of the rotor 26. As described,
when there are one N pole and one S pole, a sine wave having,
a period of one rotation of the rotor 26 1s obtained as the
rotational state signal.

The rotational state signal from the Hall element 30 1s
supplied to the offset control circuit 32. The offset control
circuit 32 shifts the rotational state signal by a predetermined
offset amount, and sets a period between two zero-crosses to,
for example, 150 degrees.

FIG. 3 shows an example where the period between the
zero-crosses 1s changed from 180 degrees to 120 degrees. The
rotational state signal 1s a sine wave having a voltage corre-
sponding to 0 Gauss at O degree, +60 Gauss at 90 degrees, 0
Gauss at 180 degrees, and —60 Gauss at 270 degrees. There-
fore, 1f the rotational state signal 1s set closer to zero by a
voltage corresponding to 30 Gauss, the period between two
zero-crosses would become 120 degrees. In consideration of
this, when an added signal 1n which an amount corresponding,
to +30 Gauss 1s added at the negative side (s1gnal in which the
rotational state signal 1s set closer to zero by 30 Gauss)
becomes zero at a first time (phase of the rotational state
signal —30 degrees), an amount corresponding to —30 Gauss
1s added (an amount corresponding to 30 Gauss 1s subtracted)
in place of the 430 Gauss. With this process, the added signal
1s shifted 1n the negative direction by 60 Gauss. In the case of
this example, because the addition of —60 Gauss corresponds
to shift of 60 degrees, the added signal becomes zero from the
negative side at a second time at a phase of +30 degrees of the
rotational state signal. At the time of the second zero, the
signal transfers to the positive side with the addition of -30
Gauss unchanged. Next, at the first zero from the positive
side, the addition 1s switched to +30 Gauss. In this manner, the
offset amount 1s switched from +30 Gauss to —30 Gauss at the
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phase of 330 degrees (-30 degrees) of the rotational state
signal, the offset amount 1s switched from -30 Gauss to +30
Gauss at the phase of 150 degrees, and this process 1is
repeated, so that a signal can be obtained 1n the added signal
in which the period between the second zero and the next zero
1s 120 degrees. By adjusting the offset amount to be added (in
this case, the offset amount 1s set to a value corresponding to
+135 Gauss), 1t 1s possible to obtain a signal with an electricity
application period such as 150 degrees.

Alternatively, a configuration may be employed in which a
voltage of the same potential as a common voltage of the Hall
clement 30 1s supplied as the reference to the other terminal of
the comparator 10. With such a configuration, the reference
values used in the Hall element 30 and the comparator 10 can
be set equal to each other, and the electricity application
period to the coils 22 and 24 can be more accurately set.

FIG. 4 shows an example structure of the output control
circuit 12, and FIG. 5§ shows signal wavetforms of various
sections. The output of the comparator 10 (comparator out-
put)1s a signal for detecting the zero-cross of a signal 1n which
the rotational state signal 1s sequentially shifted 1n the above-
described manner, and 1n this example, similar to FIG. 3, a
120-degree electricity application 1s exemplified. The com-
parator output 1s a signal which 1s at the L level between O
degrees and 30 degrees of the rotational state signal, at the H
level between 30 degrees and 150 degrees, at the L level
between 150 degrees and 180 degrees, at the H level between
180 degrees and 210 degrees, at the L level between 210
degrees and 330 degrees, and at the H level between 330
degrees and 360 degrees ((1) in FIG. §).

The comparator output 1s supplied to a D input terminal of
a flip-flop FF1. A predetermined clock CLK 1is supplied to a
clock imnput terminal of the flip-tflop FF1, and the flip-flop FF1
sequentially holds the output of the comparator 10. Because
the clock CLK has a frequency which 1s higher than that of the
change of the output of the comparator 10, the flip-flop FF1
reads the output of the comparator 10 with a delay of a
predetermined period. The output of the tlip-tlop FF1 1s sup-
plied to a D mput terminal of a flip-tlop FF2, and the clock
CLK 1s supplied to a clock input terminal of the tlip-tlop FF2.
Therefore, the output of the tlip-tlop FF2 1s a signal which 1s
delayed by one period of the clock CLK compared to the
output of the thp-flop FF1. The output of the tlip-tflop FF1 1s
inverted and iput to an AND gate ANDI1, and the output of
the thp-tlop FF2 1s input to the AND gate AND1 without any
processing. Therefore, the output of the AND gate AND1 1s a
signal which rises for one period of the clock CLK when the
output of the comparator 10 falls.

That 1s, as shown by a fall detection signal of (1) in FIG. 5,
a signal which rises for one period of the clock CLK at the fall
ol the comparator output 1s obtained at the output of the AND
gate ANDI.

The output of the flip-tflop FF1 and an inverted output of the
tlip-tflop FF2 are input to the AND gate AND2. Therefore, as
shown by the rise detection signal of (111) 1n FIG. 5, a signal
which rises for one period of the clock CLK at the rise of the
comparator output 1s obtained at the output of the AND gate
AND?2.

After the frequency of the clock CLK 1s divided 1n a pre-
determined manner, the clock CLK 1s input to a continuous
H/L detection unit 40. The continuous H/L detection unit 40
1s set, for example, to the L level when the H level or the L
level 1s continued for a period of 60 degrees because the H
level 1in the comparator output 1s continued for the period of
60 degrees. Therefore, 1n this example configuration, a signal
which 1s set to H level in the period from 90 degrees to 270
degrees of the rotational state signal and to L level 1n the
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remaining half period 1s obtained as the output of the con-
tinuous H/L detection unit 40 ((1v) in FIG. 5).

The output of the AND gate AND1 1s supplied to a D input
terminal of a flip-tlop FF3, and an output of the AND gate
AND?2 1s supplied to a D mnput terminal of a thp-flop FF4. The
clock CLK 1s supplied to clock mput terminals of the flip-
flops FF3 and FF4. Therefore, the outputs of the AND gates
AND1 and AND?2 are read by the flip-flops FF3 and FF4.
Outputs of the tlip-flops FF3 and FF4 are input to AND gates
AND3 and ANDA4, respectively. The continuous H/L detec-
tion signal 1s input without processing to the other input
terminal of the AND gate AND3, and an inverted signal of the
continuous H/L detection signal 1s input to the other input
terminal of the AND gate AND4. Therefore, 1n the output of
the AND gate AND3, a pulse corresponding to 0 degrees of
the rotational state signal in the fall detection signal 1s
removed, and only the pulses of 150 degrees and 210 degrees
remain. Similarly, in the output of the AND gate AND4, a
pulse corresponding to 180 degrees of the rotational state
signal 1n the rise detection signal 1s removed, and only pulses
of 30 degrees and 330 degrees remain.

The output of the AND gate AND3 is supplied to a set input
terminal of an SR latch circuit SR1, and the output of the AND
gate AND4 1s supplied to a reset input terminal of the SR latch
circuit SR1 ((v)1n FIG. 5). Therefore, as shown on (vi1) in FIG.
5, an offset control signal which 1s set to the H level at the
rotational state signal of 330 degrees and to the L level at 150
degrees 1s obtained at an output of the SR latch SR1. The
output of the SR latch SR1 1s supplied to the ofiset control
circuit, and 1s used for switching control in which a predeter-
mined offset value (corresponding to 30 Gauss) 1s added to
the rotational state signal when the output 1s at the H level and
the predetermined ofiset value (corresponding to 30 Gausses)

1s subtracted from the rotational state signal when the output
1s at the L level.

The outputs of the AND gates AND3 and AND4 are input
to an OR gate OR1. At an output of the OR gate OR1, a
double-edge signal having four pulses at 330 degrees, 30
degrees, 150 degrees, and 210 degrees 1s obtained ((vi1) 1n
FIG. 5). The offset control signal 1s applied a predetermined
delay and supplied to a D input terminal of a flip-flop FF5.
The double-edge signal from the OR gate OR1 1s supplied to
a clock input terminal of the flip-flop FF5, and a signal which
1s set to the H level at the rotational state signal of 30 degrees
and to the L level at 210 degrees 1s obtained at an output of the
tlip-flop FFS ((vin1) 1n FIG. 5).

The output of the thip-flop FF5 1s input to a NOR gate
NORI1 and an AND gate ANDS, and the output of the SR latch
SR1 1s supplied to the other input terminal of each of the NOR
gate NOR1 and the AND gate ANDS3. Therefore, at an output
of the NOR gate NORI1, a drive control signal OUT1 which 1s
set to the H level only during a period from 30 degrees to 1350
degrees ((1x) 1n FIG. 5) 1s obtained, and, at an output of the
AND gate ANDS, a drive control signal OUT2 which 1s set to
the H level only 1n the period from 210 degrees to 330 degrees
((x) 1n FIG. 5) 1s obtained.

By supplying the drive control signals OUT1 and OUT2 to
the output circuit 14, 1t 1s possible to control switching ON
and OFF of the transistors Q1 and Q4 and transistors (3 and
Q2 1n FIG. 2, to achieve the drive current control of the coil 22
(24) as described above.
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In the output circuit 14, signals which differ from each
other in phase by 90 degrees must be supplied to the two coils
22 and 24. For this purpose, two circuits having the above-
described structure may be provided. In addition, 1n the con-
tinuous H/L detection unit 40, the signal 1s read with a delay
of an electric phase of 90 degrees. A similar circuit may be
provided to delay the above-described drive control signals
OUT1 and OUT2 by 90 degrees, to obtain the drive control
signal for the other coil.

In addition, 1n FIG. 1, because the Hall element 30 1s placed
at an opposing position of the coil 22, a rotational state signal
synchronized with the coil 22 1s obtained, but the mounting,
position of the Hall element 30 1s not limited. Moreover, as
described above, by adjusting the amount of ofifset to be
added or subtracted to or from the rotational state signal, 1t 1s
possible to easily execute other configurations such as the
150-degree electricity application.

In the control of the present embodiment, the zero-cross
must be reliably detected. Therefore, the above-described
control may be executed after the rotation 1s stabilized. With
such a configuration, influences of chattering can be pre-
vented, and the electricity application period may be set
approximately to the desired period (for example, a period of
an electric phase of 150 degrees).

What 1s claimed 1s:

1. A driver circuit which generates a drive control signal
based on a rotational state signal of a sine wave shape which
indicates a rotational state of a motor, comprising;:

an added signal generating circuit which obtains a first

added signal or a second added signal in which an offset
amount 1s added to the rotational state signal by repeat-
ing a process 1n which, when 1t 1s detected that the first
added signal 1n which a predetermined oflset amount 1s
added to the rotational state signal on a side approaching
a reference value becomes the reference value from one
direction at a first time, the offset amount 1s added to the
rotational state signal 1n a direction returning from the
reference value to obtain the second added signal, when
it 1s detected that the obtained second added signal
becomes the reference value from the one direction at a
second time, no value 1s added to the signal, and, when 1t
1s detected that the second added signal becomes the
reference value at a first time from another direction
which 1s a direction opposite from the one direction and
which reaches the reference value, the offset amount 1s
added to the rotational state signal on the side approach-
ing the reference value, to obtain the first added signal,
and

a drive signal generating circuit which generates a drive

control signal having an electricity application period
from a time when the obtained added signal becomes the
reference value at the second time until a time when the
obtained added signal becomes the reference value at a
next time.

2. The driver circuit according to claim 1, wherein

the drive control signal generating circuit generates a dii-

ferent drive control signal between a time when the
added signal 1s at a positive side and a time when the
added signal 1s at a negative side.
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